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(57)Abstract 

PURPOSE: To protect a thin film against cracking and peeling and to prevent a substrate 
from warping much by a method wherein dissimilar substrates are brought into close 
contact with each other only by a Van der Waals force at a room temperature, and a 
single crystal silicon thin film is formed on the insulating substrate without performing a 
thermal treatment . ■ 

CONSTITUTION: The surface of a silicon substrate 100 is turned into a porous silicon 
101 A single crystal silicon layer 102 is epitaxially grown on the porous silicon 101 
through a CVD method. The substrate 100 which is cleaned with a mixed solution 
composed of hydrochloric acid/hydrogen peroxide/water, rinsed with pure water, and 
dried up and a molten quartz substrate 1 1 0 which is cleaned through the same method 
are brought into close contact with each other at a room temperature. The silicon 
substrate side of the joined substrate is ground. In succession, the silicon substrate 100 
and the porous silicon layer 1 01 are subjected to an etching process. In result, an SOI 
substrate composed of a transparent substrate and a single crystal silicon thin film 
formed on it can be obtained. The SOI substrate is annealed and subjected to a heat 
treatment so as to enhance its joint interface in binding power. By this setup, a thin film 
can be protected against cracking, peeling, and warpage. 
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(A) Relevance to claims 

The following is a translation of passages related to 
claim 1 of the present invention. 

(B) Translation of the relevant passages 

[Claims] 
[Claim 1] 

A method for manufacturing a semiconductor 
substrate, characterized by carrying out the following 
steps in sequence: 

(a) a step for anodizing a surface layer on one 
surface of a single-crystal semiconductor substrate so as 
to cause the surface layer to be porous, in order to form a 
porous single-crystal semiconductor layer on a 
non-porous single-crystal semiconductor area; 

(b) a step for epitaxial-developing a non-porous 
single-crystal semiconductor layer on the porous 
single-crystal semiconductor layer; 

(c) a step for superposing a surface of the 
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non-porous single-crystal semiconductor layer onto an 
insulating substrate, and then bonding the surface of the 
non-porous single-crystal semiconductor layer with the 
insulating substrate, virtually without carrying out a heat 
treatment; 

(d) a step of etching the non-porous single-crystal 
semiconductor area, in order to remove a part of the 
non-porous single-crystal semiconductor area; 

(e) a step of etching the non-porous single-crystal 
semiconductor area remaining after the step (d), in order 
to remove all of the non-porous single-crystal 
semiconductor area and cause the porous single-crystal 
semiconductor layer to be exposed; and 

(f) a step of selectively etching the porous 
single-crystal semiconductor layer in order to remove the 
porous single-crystal semiconductor layer. 

[Conventional Art] 
[0010] 

However, according to this method, a heat treatment 
is required so that a thin silicon substrate which is about 
300iam thick has to be adopted in consideration of a 
thermal stress. For this reason, accidents such as 
cracking the substrate tend to occur during the processes 
of bonding and carrying the substrate, so that the 
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processes have to be carried out with great care. Moreover, 
to carry out a heat treatment with a higher temperature, a 
cycle of thinly grinding the substrate and carrying out a 
heat treatment has to be repeated. Thus, there is such a 
deficiency that the manufacturing speed cannot be 
increased when a "laminated SOI substrate" is 
manufactured. 
[0015] 

[Problem to Be Solved by the Invention] 

As describe above, in the conventional "laminated 
SOI substrate", an insulating substrate and a silicon 
substrate cannot be sufficiently bonded with each other 
without carrying out a heat treatment. However, as 
described above, the aforementioned problems such as the 
crack and warpage of the substrate occur when a silicon 
substrate is directly bonded with a transparent substrate 
whose thermal expansion coefficient is different from that 
of the silicon substrate. To solve this problem, the 
temperature of the heat treatment has conventionally been 
subtly adjusted in such a manner as to keep the bonding 
force to be sufficient to withstand the shearing force while 
restrain the problems of crack and warpage. Such a subtle 
adjustment is, however, difficult to carry out. 
[0017] 
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[Means to Solve the Problem and Effects] 

Thus, the objective of the present invention is to 
form a high-quality and high-performance SOI substrate 
either without carrying out a heat treatment process or 
with simply only one heat treatment process, from a 
substrate manufactured by bonding, on a transparent 
insulating substrate, a silicon single-crystal substrate 
having a thermal expansion coefficient significantly 
different from that of the transparent insulating 
substrate. 

[0019] 

The inventors of the present invention have diligently 
worked on in order to achieve the above-mentioned 
objective. As a result, the inventors of the present 
invention have found that, an SOI substrate which can 
overcome the above-described problem can be 
manufactured in the following manner: A single-crystal 
silicon layer is epitaxial-developed on a porous silicon 
surface of a silicon substrate whose surface layer is 
caused to be porous. Then an insulating heterogeneous 
substrate which will be a supporting substrate is caused 
to closely contact with the epitaxial-developed surface at 
room temperatures and only by Van der Waals force, and 
in order to minimize the influence of the stress, the 
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silicon substrate is removed by wet-etching using an 
etching solution, without carrying out a . heat treatment. 
Subsequently, the porous part is selectively etched, so 
that a single-crystal silicon thin film is formed on the 
insulating substrate. 
[0024] 

(a) A step for anodizing a surface layer on one 
surface of a single-crystal semiconductor substrate so as 
to cause the surface layer to be porous, in order to form a 
porous single-crystal . semiconductor layer on a 
non-porous single-crystal semiconductor area; 

(b) A step for epitaxial-developing a non-porous 
single-crystal semiconductor layer on the porous 
single-crystal semiconductor layer; 

(c) A step for superposing a surface of the 

> 

non-porous single-crystal semiconductor layer onto an 
insulating substrate, and then bonding the surface of the 
non-porous single-crystal semiconductor layer with the 
insulating substrate, virtually without carrying out a heat 
treatment; 

(d) A step of etching the non-porous single-crystal 
semiconductor area, in order to remove a part of the 
non-porous single-crystal semiconductor area; 

(e) A step of etching the non-porous single-crystal 
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semiconductor area remaining after the step (d), in order 
to remove, all of the non-porous single-crystal 
semiconductor area and cause the porous single-crystal 
semiconductor layer to be exposed; and 

(f) A step of selectively etching the porous 
single-crystal semiconductor layer in order to remove the 
porous single-crystal semiconductor layer. 
[0027] 

(a) A step for anodizing a surface layer on one 
surface of a single-crystal semiconductor substrate so as 
to cause the surface layer to be porous, in order to form a 
porous single-crystal semiconductor layer on a 
non-porous single-crystal semiconductor area; 

(b) A step for epitaxial-developing a non-porous 
single-crystal semiconductor layer on the porous 
single-crystal semiconductor layer; 

(c) A step for superposing a surface of the 
non-porous single-crystal semiconductor layer onto an 
insulating substrate, and then bonding the surface of the 
non-porous single-crystal semiconductor layer with the 
insulating substrate, virtually without carrying out a heat 
treatment; 

(e) A step of etching the non-porous single-crystal 
semiconductor area, in order to remove all of the 
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non-porous single-crystal semiconductor area and cause 
the porous single-crystal semiconductor layer to be 
exposed; and 

(f) A step of selectively etching the porous 
single-crystal semiconductor layer in order to remove the 
porous single-crystal semiconductor layer. 
[0028] 

On this occasion, it is preferable that the step (e) is 
carried out at not more than 100°C and in any one of an 
alkali solution, an organic alkali solution, and an acid 
solution including hydrogen fluoride and nitric acid. 
[0030] 

(a) A step for anodizing a surface layer on one 
surface of a single-crystal semiconductor substrate so as 
to cause the surface layer to be porous, in order to form a 
porous single-crystal semiconductor layer on a 
non-porous single-crystal semiconductor area; 

(b) A step for epitaxial-developing a non-porous 
single-crystal semiconductor layer on the porous 
single-crystal semiconductor layer; 

(c) A step for superposing a surface of the 
non-porous single-crystal semiconductor layer onto an 
insulating substrate, and then bonding the surface of the 
non-porous single-crystal semiconductor layer with the 
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insulating substrate, virtually without carrying out a heat 
treatment; and 

(d) A step of etching the non-porous single-crystal 
semiconductor area, in order to remove a part of the 
non-porous single-crystal semiconductor area. 
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